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Coronary Stenosis
What You See Is Not What You Get*
Goran Stankovic, MD, PHD, Milan Dobric, MD
Belgrade, Serbia
Fractional flow reserve (FFR) may be regarded as a gold
standard for the evaluation of the physiological significance
of coronary stenosis in the catheterization laboratory with
extensive validation in randomized, controlled trials (1).
The beauty of FFR lies in its consistent ischemic threshold
value that is valid for varying complexities of geometry and
hemodynamics and provides us with the highly reproducible
index on which we could base our clinical decisions (2).
See page 917
From the pioneering work of mathematician and physi-
cist Daniel Bernoulli in the 18th century, it has been known
that the pressure gradient of the circulating fluid in a tube
across a stenosis depends on 3 main parameters: minimal
cross-sectional area of the stenosis (inverse relationship),
stenosis length (direct proportionality), and the fluid veloc-
ity (square proportionality) (3). Strictly speaking, FFR is not
the pressure gradient across a stenosis (i.e., the difference of
proximal and distal pressures), but rather the ratio of
proximal and distal pressures during maximal blood flow;
nevertheless, it may be assumed that all 3 parameters
determine both pressure gradient and FFR. Therefore, 2
morphological characteristics of the stenosis (minimum
cross-sectional area and length) and 1 functional (blood flow
velocity that is proportional to the absolute blood flow)
parameter determine the impact of a stenosis on myocardial
perfusion, all of which is synthesized in FFR evaluation.
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relevant to the content of this paper to disclose.Fundamentally, it is not possible to define the exact isch-
emic potential of an epicardial stenosis solely based on
stenosis morphology because the third functional parameter
(i.e., blood flow velocity) depends also on factors apart from
stenosis geometry (3). Nevertheless, some correlation be-
tween stenosis geometry and FFR may exist because mor-
phology and function are inherently pathophysiologically
related. Several studies identified intravascular ultrasound
(IVUS) threshold values of 4 mm2 and 6 mm2 for a minimal
lumen area (MLA) for differentiating functionally signifi-
cant from nonsignificant lesions in nonleft main and left
main coronary arteries, respectively (4–6). A consistent
finding of those studies was the rather modest correlation
between MLA and FFR, whereas low specificity and
positive predictive value have raised concerns that this high
MLA cutoff overestimates the true severity of stenosis.
The idea that the principle of “one size fits all” cannot be
applied to IVUS MLA criteria could be easily explained if
we know that an MLA of 4 mm2 in a proximal-mid left
anterior descending artery (LAD) with a reference vessel
diameter of 3.0 mm (and reference lumen area of 7.1 mm2,
ssuming perfect circle approximation) could not have the
ame functional impact as 1 distally located LAD stenosis
ith a reference vessel diameter of 2.5 mm (and reference
umen area of 4.9 mm2). From this illustrative example, it
is obvious that vessel size is an important confounding factor
of the functional impact of stenosis, which is the issue not
properly addressed in early IVUS trials.
Recently reported trials were conducted to overcome
these drawbacks. In a study by Kang et al. (7), the best cutoff
value of the MLA to predict ischemic FFR was 2.4 mm2,
with a diagnostic accuracy of 68% and a rather low specificity
(60%). The independent determinants of FFR were MLA,
plaque burden, lesion length with a lumen area3.0 mm2, and
AD location. The importance of segment-specific corre-
ation was also raised in the analysis by Koo et al. (8), who
eport the best MLA cutoff value of 3.0 mm2 for proximal
LAD lesions and 2.75 mm2 for mid LAD lesions located
efore the second diagonal branch. Of interest, the authors
urther concluded that in arterial segments with anatomic
ariations, IVUS cannot be used for functional assessment
f a stenosis.
In this issue of the Journal, the results of the FIRST
Fractional Flow Reserve and Intravascular Ultrasound Re-
ationship Study) are presented by Waksman et al. (9). In
he FIRST, which was an international, multicenter, pro-
pective registry of 350 patients with 367 lesions, the
nvestigators evaluate the correlation between FFR, IVUS,
nd virtual histology (VH) parameters and try to identify
VUS and VH predictors of ischemic FFR (defined as FFR
0.80). The main findings of the FIRST are: 1) anatomic
easurements by IVUS show a moderate correlation with
he FFR values; 2) an MLA 3.07 mm2 is the best overall
hreshold value for identifying ischemic FFR; 3) accuracy
an be improved by a reference vessel–specific analysis; and
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determined plaque composition. The results of the FIRST
are interesting, and several points are worth highlighting.
This is a well-designed and conducted observational trial
that overcame some of the pitfalls of previously published
trials (prospective data collection, IVUS images analyzed by
an independent core laboratory, and small vessels and vessels
with 1 lesion were excluded). However, although patients
ithin 72 h of acute myocardial infarction (MI) were
xcluded from the study, the concern of including patients
ith previous MI remained. Specifically, 107 (31.5%) pa-
ients are reported to have previous MI, and the relationship
f infarct territory with the investigated vessel was not
eported. Impacts of previous MI on the FFR could be
-fold (10). First, if the examined artery supplies the area of
previous MI, the FFR value would be higher (i.e., less
ignificant) due to the reduced maximum achievable blood
ow across the stenosis, which is a direct consequence of a
maller amount of viable myocardium. Second, if the
revious MI area is not in a territory of the vessel of interest
nd the examined vessel is a donor of collaterals toward the
nfarct-related artery, then the FFR value would be lower
i.e., more significant) because of increased maximum blood
ow that has to be provided even for distant territory.
bviously these mechanisms have an opposite effect on
FR and could potentially lead to larger scatter of the data
nd lower correlation of FFR with IVUS-derived parame-
ers. In addition, a total of 148 patients are reported to have
cute coronary syndromes, which could also have influenced
oth functional and morphological assessment (1). Impor-
antly, the study was focused on intraprocedural and in-
ospital outcomes, and there are no follow-up data available
n terms of angina status or quality of life according to the
FR, IVUS-derived MLA, and decision to perform an
ntervention. To address the question of which assessment is
ost appropriate, an adequately powered large randomized
linical trial comparing the assessment based on IVUS
riteria with FFR is warranted.
Consistent with previous trials, the results of the FIRST
ill certainly reinforce the view that IVUS is not a reliable
lternative for FFR in functional assessment of angiographi-
ally intermediate stenoses. FFR is superior for physiology
nd IVUS is superior for anatomy, although a very high
egative predictive value for IVUS-MLA 3.07 mm2 may
basically rule out functionally significant stenosis. However,
the issue of superiority between these 2 modalities might beirrelevant because IVUS and FFR should be complementary
techniques to be used in the catheterization laboratory to
provide critical anatomic and functional data that permit
more accurate decisions in the management of the patient
(11). In practical terms, IVUS has a limited role in the
functional assessment of intermediate stenosis to accurately
identify ischemia-inducible lesions and ascertain the indi-
cation for revascularization, but is a valuable and established
tool to guide a percutaneous coronary intervention.
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